, an early virologic response (EVR) at week 12, end of treatment virologic response (ETVR) at week 48, and SVR at week 72 were achieved by 3 (9%), 9 (26%), and 8 patients (23%), respectively. The EVR rate improved to 43%, ETVR to 49%, and SVR to 57%, when a HBV DNA cutoff level of \20,000 copies ml -1 was used. Pretreatment HBsAg level was not a predictor for SVR on univariate analysis, but correlated with decline in HBV DNA levels at weeks 48 and 72. On multivariate logistic regression analysis, low body weight, high alanine aminotransferase (ALT), low HBV DNA, and low triglyceride levels were identified as baseline predictors of SVR. Conclusion HBeAg-negative genotype D-naive patients treated with PEG-IFN a-2a achieved SVR in 23 (HBV \400 copies ml -1 ) and 57% (HBV \20,000 copies ml -1 ) of patients, a better response than previously reported that might be related to the absence of drug resistance in these naive patients. Pretreatment predictors of SVR were low body weight, high ALT, low HBV DNA, and low triglycerides.
Introduction
Hepatitis B infection is a major global health problem responsible for more than one million deaths annually due to cirrhosis and hepatocellular carcinoma (HCC) [1] . Among chronic hepatitis B (CHB) patients in Saudi Arabia, [70% are ''hepatitis B e antigen (HBeAg)''-negative and the most common genotype is genotype D (81.2%) [2] . Asian patients are less likely to experience HBeAg seroconversion than Caucasians after receiving interferon as reported in earlier studies [3] . Asians usually acquire hepatitis B virus (HBV) infection in infancy and have a long immune-tolerance phase, which may render immunomodulation with interferon therapy less effective [4] . Treatment with currently available oral nucleoside/nucleotide analogs may be associated with development of drug resistance and relapse after discontinuation of therapy.
Thus, more efficacious therapies are needed that can suppress HBV for a longer duration after discontinuation of antiviral therapy without the development of drug-induced viral mutation. Peginterferon (PEG-IFN) a-2a has both antiviral and immunomodulatory effects that may be associated with long-term viral suppression [5] . Previous studies were conducted where exclusion criteria included antiviral therapy only within the preceding 6 months [6, 7] , where some of the patients received conventional interferon or nucleotide/nucleoside analogs earlier than 6 months before treatment with PEG-IFN, and the higher probability of developing drug resistance could have altered the response of PEG-IFN a-2a in trials. It is, therefore, relevant to study the sustained virologic response (SVR) to PEG-IFN in naive Middle Eastern HBeAg-negative genotype D patients. Suppression of serum HBV DNA to \400 copies ml -1 6 months after 48 weeks of therapy is a good indicator of 3-year posttreatment response [7] . In the present study, SVR was defined as suppression of HBV DNA level \400 copies ml -1 with normalization of alanine aminotransferase (ALT) 6 months after completion of 48 weeks of therapy. We also assessed the suppression of HBV DNA \20,000 copies ml -1 as another coprimary efficacy parameter [8] and HBsAg levels at the end of treatment and 6 months after completion of treatment. Predictors of response are useful to provide the appropriate antiviral therapy to the most suitable patients, in order to achieve the best response and improve the clinical outcome of CHB patients [9] . HBV genotype and HBsAg levels have recently emerged as predictive factors of response to therapy in HBeAg-negative CHB, in addition to previously established factors of elevated serum ALT, lower HBV DNA, and higher necroinflammatory activity. We aimed to study the safety and efficacy of 48 weeks of PEG-IFN a-2a therapy in HBeAg-negative genotype D treatment-naive patients, and correlate the decline in HBV DNA levels with quantitative changes in serum HBsAg levels at the baseline, at the end of treatment, and at the end of follow-up period. We also aimed to identify predictors of response to therapy.
Patients and methods

Patients
This study was conducted between January 2007 and November 2009 at four tertiary referral hospitals (King Faisal Specialist Hospital and Research Center, Riyadh Military Hospital, King Saud University Liver Disease Research Center, and King Abdulaziz Medical City) in Riyadh, Saudi Arabia. The study was conducted in accordance with good clinical practice and the Declaration of Helsinki, and was approved by the research committees and institutional review boards of each participating center. HBsAg-positive, genotype D-infected naive patients aged 18-70 years were included if they had been negative for HBeAg and positive for anti-HBe antibody for C6 months, had a HBV DNA level of [100,000 copies ml -1 , had a serum ALT level greater than the upper limit of normal (ULN = 43 U l -1 ) but \109 ULN, and a liver biopsy obtained within the previous 12 months demonstrating at least CF1 and/or CA1 (METAVIR classification). Exclusion criteria included decompensated liver disease (defined as presence or prior history of ascites, variceal bleeding, encephalopathy, or international normalized ratio (INR) C1.3), a coexisting major medical or psychiatric illness, a neutrophil count of \1,500 per cubic millimeter, a platelet count of \90,000 per cubic millimeter, a serum creatinine level [1.59 ULN, a history of alcohol or drug abuse, coinfection with hepatitis C, hepatitis D, or human immunodeficiency virus, any other liver and autoimmune diseases, and general contraindication to interferon therapy.
Study design
This was an independent, investigator-initiated, prospective, multicenter, open-label, nonrandomized trial, designed to assess the efficacy of PEG-IFN a-2a in treatment-naive (no prior exposure to nucleoside/nucleotide analogs or interferon) HBeAg-negative patients. Only patients without baseline drug resistance mutations were included, and written informed consent was obtained from all patients. The coprimary endpoints of the study were ALT normalization and a HBV DNA level of \400 copies ml -1 measured at 24 weeks posttreatment (week 72). To predict SVR, all the measurements for univariate and multivariate analysis were performed on HBV DNA level of \400 copies ml -1 . All patients received PEG-IFN a-2a 180 lg once weekly for 48 weeks and the dose of PEG-IFN a-2a was reduced to 135 lg weekly if neutrophil count dropped to \0.75 9 10 9 l -1 , whereas it was withdrawn in patients where count dropped to \0.50 9 10 9 l -1 . The same dose reductions were applied when platelets were\50,000 mm -3 with PEG-IFN a-2a being discontinued when counts reduced below 25,000 mm -3 . Administration of granulocyte-colony stimulating factor (G-CSF) was allowed. In the present analyses, early virological response (EVR), end of treatment virological response (ETVR), and SVR were defined as HBV DNA \400 copies ml -1 at weeks 12, 48, and 72, respectively, with normalization of serum ALT. Patients with HBV DNA [400 copies ml -1 at 24 weeks posttreatment were considered as nonresponders (i.e., treatment failures). Posttreatment virologic relapse was defined as HBV DNA level of \400 copies ml -1 at the end of treatment but an increase to [400 copies ml -1 at 24 weeks posttreatment. Suppression of HBV viral load to\20,000 copies ml -1 at weeks 12, 48, and 72 was also calculated.
Measurements
Serum samples were collected from each patient at entry and stored at -70°C until further tests (Table 1) were performed. During therapy and posttreatment follow-up evaluation for 6 months, the patients were monitored monthly by routine physical examination as well as biochemical and hematological assessments to analyze the predictor of response. HBV DNA was measured by the Quantiplex TM HBV DNA assay (Chiron diagnostics, USA) at 0, 12, 24, 36, and 48 weeks during treatment and 6, 8, and 24 weeks after discontinuation of treatment. All results \400 copies ml -1 were confirmed by the Abbott RealTime HBV assay using the m2000rt platform (Abbott Diagnostics, USA) for lower limit detection. In the initial period, serum HBV DNA was expressed in copies per milliliter (copies ml -1 ), and at the later stages of the study it was expressed in international units per milliliter (IU ml -1 ). After the completion of the study, all HBV DNA measurements were converted into copies ml -1
(1 IU ml -1 = 3.41 copies ml -1 ). Serum HBsAg levels were measured at baseline, end of treatment (at 48 weeks), and 6 months after discontinuation of treatment (72 weeks). HBV genotyping with HBV mutation in the precore and core promoter regions of the viral genomes were performed at baseline using the Inno-LiPa HBV DR v2 (Innogenetics, Ghent, Belgium) to confirm that there were no pretreatment genetic mutations. Serum HBsAg was quantified by using the Abbott Architect HBsAg QT two-step assay. The sensitivity of the assay ranged from 0.05 to 250 IU ml -1 . Samples with HBsAg titers beyond the upper range were diluted with phosphate buffered saline (PBS) into 1:10, 1:1,000, and 1:10,000 before further analysis. All analyses of HBV DNA levels, HBV genotype, and serum HBsAg levels were performed centrally at King Faisal Specialist Hospital and Research Center (KFSHRC) and the histopathological examination was read by a single pathologist (blinded for the outcome).
Statistical analysis
Quantitative variables were expressed as the mean plus or minus standard deviation or the median with interquartile range (IQR) and categorical variables as absolute and relative frequencies. Comparisons between groups of quantitative and qualitative variables were performed using the Mann-Whitney test or Student's t test and the Fisher's exact test, respectively. Age, sex, weight, HBV DNA, ALT, HBsAg levels, hemoglobin, leukocyte count, platelets, bilirubin, gamma-glutamyl transpeptidase (GGT), alkaline phosphatase, a-fetoprotein, albumin, cholesterol, triglycerides, and histopathology variables were analyzed as predictors under univariate analysis. Multivariate -1 (p = 0.034). Baseline HBV DNA level in patients who achieved SVR was lower at 5.8 (5.5-6.8) log 10 copies ml -1 , whereas in nonresponders it was significantly higher at 7.8 (6.6-7.8) log 10 copies ml -1 (p = 0.004). The mean age of patients who attained SVR was 36.5 ± 10.5 years as compared with 41.8 ± 12.5 years in nonresponders (p = 0.214). The mean log 10 HBsAg pretreatment level among patients who obtained SVR was 4.01 ± 0.07 IU ml -1 , whereas in nonresponders it was 4.13 ± 0.50 log 10 IU ml -1 (p = 0.483) (Fig. 2) . In responders, the mean HBsAg level reduced to 3.14 ± 0.61 log 10 IU ml -1 at 48 weeks (end of treatment), whereas in nonresponders it remained similar at 3.95 ± 0.57 log 10 IU ml -1 (p = 0.001). At the end of follow-up, the mean HBsAg level in patients who achieved SVR was 2.31 ± 1.00 log 10 IU ml -1 and in nonresponders it was 3.82 ± 0.55 log 10 IU ml -1 (p = 0.001). At baseline, HBsAg levels did not correlate well as shown in the scatter plot with best-fit line in Fig. 3a (r = 0.040, p = 0.778). However, serum HBV DNA had significant correlation with HBsAg levels at the end of treatment (r = 0.701, p = 0.001) and at the end of follow-up (r = 0.701, p = 0.001) as depicted in Fig. 3b and c .
The liver biopsies of 33 (94%) patients had grade A1 or A2 changes and 29 (83%) had stage F1 or F2 changes, (Table 2) .
Discussion
This is the first prospective study that describes the efficacy of PEG-IFN a-2a in HBeAg-negative CHB genotype D-naive patients from the Middle East and provides a detailed analysis of baseline and on treatment predictors of response. It has been shown that response to IFN-based therapy is HBV genotype dependent, being associated with both qualitative as well as quantitative responses. The present study of CHB genotype D patients showed a higher SVR of 57.1% than previously reported, as based on the earlier, less stringent definition of SVR (HBV DNA \20,000 copies ml -1 ). Erhardt et al. [10] reported that HBV genotype A is associated with a significantly higher SVR to IFN than HBV genotype D and showed better SVR rates than genotype C, B, or E. They also reported SVR to IFN was 59 versus 29% in HBeAg-negative genotype A compared with genotype D, respectively. In the same study, no statistically significant difference was reported in SVR between HBeAg-positive and -negative patients [37 vs. 40% = nonsignificant (NS)]. In a recent pooled analysis [11] of more than 1,200 patients treated with either standard alpha interferon or PEG-IFN, the rate of SVR for HBeAg-negative patients was 34% for genotype A, 32% for genotype B, 50% for genotype C, and 21% for genotype D. Similarly, earlier studies with standard alpha IFN found that patients with genotype A had better response rates than patients with genotypes B, C, or D [12] . Low sustained response rates of even \10% have also been reported for HBeAg-negative patients, much lower than HBeAg-positive patients and most of those studies were performed in the Mediterranean area [13] [14] [15] . Most of these patients received standard interferon where the response rate was much lower than expected. Marcellin et al. [16] used PEG-IFN a-2a in HBeAgnegative patients and reported an ETVR of 81% and SVR of 43% (using HBV DNA\20,000 copies ml -1 ), but when the HBV DNA level was reduced to\400 copies ml -1 , the ETVR rate declined significantly to 63% and SVR reduced to 19%. When the combined response of ALT normalization and HBV DNA suppression to \20,000 copies ml -1 was taken together, the response rate was further reduced to 36% (included patients had no history of CHB treatment only within the previous 6 months). However, the combined response of our cohort was 57% in genotype D-naive patients. In a later study [17] , a better combined response of ALT normalization and HBV DNA suppression was reported (45%) with PEG-IFN a-2a in HBeAgnegative patients. Flink et al. [18] treated 90 HBeAgpositive naive patients with PEG-IFN a-2b; only 10% of patients sustained HBV DNA level \400 copies ml -1 at the end of follow-up, whereas none of the 30 previously treated patients with IFN, lamivudine, or both attained this level. This showed that the naive patients respond better than previously treated patients, although in our cohort the response rate was better (22%) and these naive patients were HBeAg-negative. In another recently published randomized controlled PEG-IFN a-2a trial [19] in HBeAgnegative patients (mean age 47 ± 10 years), HBV DNA was undetectable in 11/30 (37%) patients at week 48 and SVR (HBV DNA \2,000 IU ml -1 ) at 72 weeks was achieved in 6/30 (20%), but patients were not analyzed according to genotype. No difference in sustained virological and biochemical response rates was observed between the two treatment regimens (PEG-IFN alone and PEG-IFN plus adefovir dipivoxil). The most likely explanations for slightly higher SVR in the present study are that the patients were of a slightly younger age group (mean age 38.7 ± 11.5 years), were treatment naive with no significant drug mutation, and G-CSF was used as needed. In contrast, Buster et al. [20] recommended that PEG-IFN should not be given to HBeAg-positive genotype-D patients, because they had a low chance of SVR (SVR in genotype A = 37, B = 25, C = 20, and D = 8%) irrespective of ALT and HBV DNA levels. It is worth mentioning that 24% (38) of SVR patients and 24.4% (143) of non-SVR patients had a history of previous treatment failure (IFN or lamivudine therapy), whereas our study included treatment-naive patients, which in-turn may have modulated a better virologic response due to reasons mentioned earlier. It is also possible that the liberal use of G-CSF would be able to enhance the response rates, given that six of our patients (17%) required PEG-IFN dose reductions related to neutropenia. In our study, a high baseline ALT, low baseline HBV DNA, low triglycerides, and low body weight were identified as pretreatment independent predictors of SVR. Elevated ALT and low HBV DNA [21, 22] levels have previously been reported as baseline predictors of response with PEG-IFN. Although low serum triglycerides and lower body weight have been reported as predictors of SVR in HCV patients treated with PEG-IFN [23] , these have not been described in CHB patients. Female sex [24] and younger age [25] have also been reported to be predictors of response in CHB, but age and the sex did not predict a higher response rate in the present study possibly because most of the patients were males (94%) and almost all were young or middle aged. As such, the newly identified predictors of SVR should be validated in larger genotype-specific studies.
Manesis et al. [26] reported that low pretreatment HBsAg levels were found to be the only significant prognostic predictor of HBsAg seroconversion after conventional interferon treatment in HBeAg-negative CHB. Previous studies have also revealed that low baseline HBsAg levels were more reliable than serum HBV DNA levels in predicting response to PEG-IFN [27] [28] [29] . In the present study, there was no significant difference in the median pretreatment HBsAg level (4.0 log 10 IU ml -1 ) in patients with SVR compared with nonresponders (3.9 log 10 IU ml -1 , p = 0.088). However, the low baseline HBV DNA levels and high ALT levels correlated well in univariate analysis predicting SVR as demonstrated by others. A recently published study from France [30] had similar findings as ours, wherein their mean pretreatment serum HBsAg levels were similar in patients who did or did not develop SVR (3.6 ± 0.8 vs. 3.6 ± 0.6 log 10 IU ml -1 , p = 0.8). In contrast, low pretreatment HBV DNA levels correlated significantly with sustained response. In the present study, serum HBsAg levels were significantly reduced from 4.13 to 3.14 log 10 IU ml -1 at 48 weeks and further reduced to 2.13 log 10 IU ml -1 at 72 weeks. This is supported by the finding that the reduction of serum HBsAg levels parallels the decline of HBV DNA and intra-hepatic covalently closed circle DNA (cccDNA) [31] . Although the loss of HBsAg is the ultimate goal in the management of CHB, in clinical practice, it is uncommon and accounts for 3-5% of cases [32, 33] with PEG-IFN therapy. None of our patients showed a loss of HBsAg marker at 72 weeks; probably the total number of patients was small (n = 35), and all of them were genotype D which exhibits a lower frequency of HBsAg loss [34, 35] .
Pretreatment higher necroinflammatory and fibrosis scores have been reported as a predictor of SVR [36] , but these factors were not seen in our group of patients, which was likely due to the younger age of our patients and the majority had lower necroinflammatory/fibrosis score [A1 and A2 (94%), F1 and F2 (83%)], and thus a significant difference between responders and nonresponders in those with higher necroinflammatory and fibrosis scores could not be demonstrated.
There are few limitations to our study, including no measurement of HBsAg level at 3 months where a significant decrease in HBsAg levels might have predicted the EVR to treatment [5] , and the relatively small number of patients.
In conclusion, this study has shown that about a quarter of HBeAg-negative genotype D-naive patients treated with PEG-IFN a-2a achieved SVR based on a more stringent definition of SVR (HBV DNA \400 copies ml -1 ). The response rate was [50% when a cutoff level of HBV DNA \20,000 copies ml -1 was adopted. Pretreatment predictors of SVR were low weight, high ALT, low HBV DNA level, and low triglycerides (a newer predictor). Pretreatment HBsAg level does not predict SVR in HBeAg-negative genotype D patients treated with PEG-IFN a-2a, although a decline in HBsAg levels correlate with a decline in HBV DNA levels. However, given the expectation of long-term suppression of viremia in such patients, we believe that PEG-IFN treatment could be offered to a select group of patients as identified by the presence of favorable pretreatment predictors of response and larger randomized controlled trials should be conducted in this category of patients from the Middle-Eastern populations.
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